Objective: Temporal lobe epilepsy (TLE) is commonly associated with depression, anxiety, and cognitive impairment. Despite significant progress in our understanding of the pathophysiology of TLE, it remains the most common form of refractory epilepsy. Enriched environment (EE) has a beneficial effect in many neuropsychiatric disorders. However, the effect of EE on cognitive changes in chronic TLE has not been evaluated. Accordingly, the present study evaluated the effects of EE on chronic epilepsy-induced alterations in cognitive functions, electrophysiology, and cellular changes in the hippocampus. Methods: Status epilepticus (SE) was induced in 2-month-old male Wistar rats with lithium and pilocarpine. Six weeks' post SE, epileptic rats were either housed in their respective home cages or in an enrichment cage (6 h/day) for 14 days. Seizure behavior was video-monitored 2 weeks before and during exposure to EE. Depression-like behavior, anxiety-like behavior, and spatial learning and memory were assessed using the sucrose preference test (SPT), elevated plus maze (EPM), and Morris water maze (MWM), respectively. Delta and theta power in the CA1 region of hippocampus was assessed from recordings of local field potentials (LFPs). Cellular changes in hippocampus were assessed by histochemistry followed by unbiased stereologic analysis. Results: EE significantly reduced seizure episodes and seizure duration in epileptic rats. In addition, EE alleviated depression and hyperactivity, and restored delta and theta power of LFP in the hippocampal CA1 region. However, EE neither ameliorated epilepsy-induced spatial learning and memory deficits nor restored cell density in hippocampus. Significance: This is the first study that evaluates the role of EE in a chronic TLE model, where rats were exposed to EE after occurrence of spontaneous recurrent seizures (SRS). Given that 30% of TLE patients are refractory to drug treatment, therapeutic strategies that utilize components of EE could be designed to alleviate seizures and psychiatric comorbidities associated with TLE.
during the chronic phase of the disease. All these result in an imbalance of excitatory and inhibitory system, the hallmark of TLE. 3 In addition to seizures, most often TLE patients present with anxiety, depression, and cognitive deficits as comorbid conditions. Clinical studies in TLE have found many clues to this association. For instance, susceptibility for TLE patients to cognitive deficits has been found to depend on the type and location of underlying neuropathology. 4 Such cognitive impairments are heterogeneous, affecting abilities such as language, attention, and problem solving skills, which greatly diminish the quality of life. Furthermore, magnetic resonance imaging (MRI) findings implicate similar brain structures (hippocampus and amygdala) in TLE and behavioral depression. 5, 6 Animal models of TLE have also been used to investigate depression, anxiety, and cognitive deficits. In the post status epilepticus (SE) model, animals showed increased immobility time in the forced swim test (FST) and loss of preference to sucrose solution in the sucrose preference test (SPT), along with hypothalamus-pituitary-adrenal (HPA) axis dysfunction. 7 Experimental evidence has shown involvement of amygdala in the generation of epileptiform discharges and production of anxiety symptoms in TLE. 8 Spatial learning and memory deficit in Morris water maze has been demonstrated in the pilocarpine model of TLE. 9 Structural alterations (hippocampal atrophy) as well as functional abnormality (abnormal theta activity) have been identified as causative factors for cognitive impairment in TLE. 10, 11 Despite being the mainstay for epilepsy treatment, antiepileptic drugs (AEDs) are ineffective in many cases (approximately 30% refractory cases), have many adverse effects (depression, anxiety and cognitive deficits), and fail to treat the comorbidities associated with TLE. In the search to find alternative approaches to treat this devastating disease, exposure to an enriched environment (EE) promises to be an effective nonpharmacologic approach. EE is a combination of exercise, social interaction, emotional engagement, and sensory stimulation. For a lab animal, EE comprises bigger housing cages, with toys and tunnels that are periodically changed to stimulate animal curiosity and exploration. EE has a robust impact on brain morphology, chemistry, and physiology 12 and has been found to be beneficial for treating animal models of Alzheimer's, Parkinson's, Huntington's, and stress diseases. 13 It has also been evaluated in epilepsy. For example, it has been reported that seizure susceptibility is reduced following EE 14 and improved cognitive performance in water maze task upon EE exposure. 15 Furthermore, SE induced rats housed in EE exhibited enhanced dentate gyrus (DG) neurogenesis and increase in the expression of phosphorylated cyclic AMP response element-binding protein (pCREB) that is linked to learning and memory. 16 All the existing studies focus on EE intervention during early stages of epilepsy after SE. However, it is not known whether EE during chronic epilepsy period can be ameliorative. Accordingly, we used the lithium-pilocarpine model of TLE to evaluate the effect of EE after development of SRS. The effect of EE on behaviors such as seizure characteristics, depression, anxiety, and spatial learning and memory, as well as neuronal density and local field potentials in the hippocampus were evaluated.
Methods

Animals
Two-month-old adult male Wistar rats were obtained from Central Animal Research Facility, NIMHANS, Bengaluru, and were housed in polypropylene cages (32 9 24 9 16 cm) with food and water ad libitum, and maintained on 12 h light/dark cycle in a temperature (25 AE 2°C) and humidity (50-55%) controlled environment. All experiments were performed in accordance with the National Institutes of Health Guidelines for the Care and Use of Mammals in Neuroscience and Behavioral Research (The National Academics Press, Washington, DC, U.S.A., 2003), and experimental protocols were approved by the institutional animal ethics committee. All efforts were made to reduce the number of animals used and to minimize the suffering of experimental animals.
Experimental groups
The groups included in the study were control, EP (epilepsy 8 weeks post-SE), EP + EE (epilepsy 6 weeks post-SE followed by 6 h/day of EE exposure for 14 days), and EE per se (normal control rats exposed to EE 6 h/day for 14 days). The study design is illustrated in Figure 1A .
Induction of status epilepticus (SE) and behavioral monitoring of spontaneous recurrent seizures (SRS)
The lithium-pilocarpine protocol was used to induce SE, as described elsewhere, 17 with slight modifications (please see Data S1). SE-induced rats were video-monitored using phenolab (Noldus Information Technology, The Netherlands) for behavioral SRS (15 h/day up to 8 weeks [5 pm-8 am] ; please see Data S1). Seizure severity was graded according to a modified Racine scale. 18 After monitoring the seizures for 6 weeks, EP + EE rats were subjected to 2 weeks of exposure to EE, whereas rats in the EP group remained in their home cage. During this period, seizure behavior was video-monitored (15 h/day; 5 pm-8 am). Data of 14 days prior to and during the treatment were used for the analysis of seizure episodes and total seizure duration using the software Observer XT 11.0 (Noldus Information Technology).
Surgery and local field potential (LFP) recording Surgical implantation of bipolar electrodes into the CA1 region (bilaterally) of the dorsal hippocampus (anteroposterior [AP] = À3.2 mm, mediolateral [ML] = 2.6 mm, and dorsoventral [DV] = 2.6 mm) was carried out under ketamine (80 mg/kg body weight, i.p.) and xylazine (10 mg/kg body weight, i.p.) anesthesia using stereotaxic apparatus (David Kopf, U.S.A.) under aseptic conditions. Stainless steel screw implanted in the frontal cortex acted as the reference electrode and another screw implanted in the parietal bone served as the ground electrode. After 7 days of surgical recovery, local field potential (LFP) recordings using an 8 channel EEG system (Axxonet System Technologies Pvt. Ltd., Bengaluru, India) were obtained at three time points: baseline, and before and after EE exposure (for 1 h between 10 am and 1 pm). After the acquisition of data, preprocessing was done using the BESS software (Axxonet Systems Technologies Pvt. Ltd., Bengaluru, India). Power spectral density measurement in delta (0.5-4 Hz) and theta (4-8 Hz) frequency bands was carried out on the processed data, using fast Fourier transform (FFT) averaged over 5 s nonoverlapping Hamming-tapered windows. As a normalization procedure, all power values were log transformed and represented as z-scores with respect to the pooled baseline values of all the groups.
Enriched environment
The EE cage was designed to provide opportunity for social interaction with a larger group of animals (10-12 rats), thereby providing scope for physical activity, motor, visual, somatosensory, and cognitive stimulation (Data S1). 19 Rats in the EP + EE and EE groups were subjected to EE for 6 h/day (10 am-4 pm) for 14 days. Every day, after Experimental design (A), seizure distribution through light and dark period of day (B), the effect of exposure to enriched environment on seizure episodes (C), total seizure duration (D), and depression-like behavior in the sucrose preference test (E) in epileptic rats. The relative change represents the difference between pre-and posttreatment. Data are expressed as mean AE SEM. Control: Normal control; EP: Epilepsy 8 weeks post-SE; EP + EE: Epilepsy 6 weeks post-SE followed by 6 h/day of enriched environment exposure for 14 days; EE per se: Normal control rats exposed to 14 days enriched environment; SE, status epilepticus. Data were analyzed using Student's t-test for seizure behavior and one-way ANOVA followed by Tukey's multiple comparisons post hoc test for sucrose preference test. ***p < 0.001 versus Control; ## p < 0.01, ### p < 0.001 versus EP. Epilepsia ILAE EE exposure period, epileptic rats were video-monitored for 15 h/day (5 pm-8 am); seizure behavior, seizure episodes, and total seizure duration were recorded. After 14 days of EE exposure or home cage housing, rats were subjected to behavioral assessment followed by histologic evaluation. A short session (6 h/day) was chosen to increase the "novelty" component of EE intervention, and has been found effective across various rodent stress and depression models in our lab. 19 TLE rat models, when housed together with other rats, were found to get overly aggressive during the night hours (active period), resulting in serious injuries and even death. They are relatively calm in day time, are easy to monitor, and get more time for exploration when other rats are resting, thereby getting better EE exposure. So, EE sessions were carried out during day time. In addition, TLE rat models exhibited relatively more seizures during daytime (rest period); therefore, EE intervention during this period could bring down the seizure episodes and duration.
Sucrose preference test
Sucrose preference test (SPT) was carried out as described previously (Data S1). 20 Sucrose preference was expressed as percent of total fluid intake (sucrose preference = sucrose water consumed/total liquid consumed 9 100).
Elevated plus maze
Procedure of the elevated plus maze (EPM) was adopted from a previous study (Data S1). 21 Animals that were falling off the maze during test were excluded from the study. Behavior was video-recorded and analyzed offline for percentage time spent in the open arms, closed arms, and number of head dips.
Morris water maze test
The study used a Morris water maze (MWM) protocol that was based on an earlier report (see Data S1 for details). 9 The entire task was divided into three phases: cued learning, acquisition phase, and probe trial.
MWM sessions were video-recorded, and were later tracked, and behavioral parameters (latency to escape, velocity, proximity, chance ratio, time spent in the target quadrant, and thigmotactic swimming) were quantified using the automated routines in Ethovision software (Ethovision XT 8.0; Noldus Information Technology). During the cued learning phase, rats were trained to locate the platform using additional local visual cues. The acquisition phase provides a measure of spatial learning, whereas the probe trial measures the spatial memory. Thigmotactic swimming, (i.e., the act of swimming close to the walls of the water maze tank) gives a measure of anxiety, lack of focus, and inability to learn the task.
Histology
After the experiment, electrode placement was confirmed in cresyl violet-stained coronal sections. For cell density estimation, after the behavioral experiments, rats were deeply anesthetized with halothane and were transcardially perfused with 0.9% saline followed by 10% formaldehyde solution. Following the perfusion, brains were removed and postfixed in 10% formaldehyde solution for 24-48 h, and processed for vibratome sectioning. Brains were fixed on the stage of the Vibratome (Leica, Wetzlar, Germany), and 40 lm coronal sections were taken through the entire anteroposterior extent of the hippocampus (approximately À1.8 to À5.8 bregma, Paxinos and Watson rat brain atlas). 22 The density of cells in the CA3a, CA3b, and CA3c subfields of the CA3 region was estimated using the modified optical fractionator technique. The optical fractionator is an unbiased counting method, which is independent of the size, shape, and orientation of the cells to be counted, and combines the optical dissector with the fractionator-sampling scheme. The parameters of the fractionator-sampling scheme were established by conducting a pilot study on quantifying one side of sample sections, and were uniformly applied to all animals.
For the cell density estimation, every sixth section (an average of 13 sections per side per animal) was sampled for the dorsal hippocampus subfields. Cell counting was conducted using Olympus BX51 microscope with the aid of the Stereoinvestigator 8.1 software (Microbrightfield, U.S.A.). The border of the regions was outlined using a 49 objective and 1009 oil immersion objective was used for counting cells. The counting frame size was 50 lm 9 50 lm and the x, y step was 120 lm 9 120 lm.
The optical dissector counting frame size and the sampling area (x, y step) were selected such that 2-10 neurons per frame were counted on an average. We used the same dimensions for all the areas studied. The optical dissector requires employing guard zones at the upper and lower surfaces of the section studied; hence, we applied a 4 lm guard zone to the top and bottom of the sections. Because the mounted thickness of the section was 30 lm, the height of the optical dissector was given as 22 lm.
Statistical analysis
Data analysis were performed using statistical software GraphPad PRISM 5 and MATLAB (Mathworks, U.S.A.). Data sheets and videos were coded before analysis and experimenter was blind to intervention. Seizure parameters and evaluation of SPT, EPM, volumetric estimation of dorsal hippocampus, and cell density at CA3 regions were analyzed using one-way analysis of variance (ANOVA) followed by Tukey's multiple comparison post hoc test. Two-way ANOVA followed by Bonferroni's post hoc test was used for parameters of the acquisition phase of water maze task and one-way ANOVA followed by Tukey's multiple comparison post hoc test for parameters of probe test.
Statistical comparison of LFP parameters were computed by nonparametric permutation-based t-test using 10,000 iterations, and 95% confidence interval (CI) of the mean difference was obtained using bootstrapping statistics on 10,000 resamples. Results were considered when either of the above tests showed significance. Data are expressed as mean AE standard error of the mean (SEM); p < 0.05 was considered statistically significant.
Results
Enriched environment attenuates temporal lobe epilepsy-induced enhanced seizure episodes and total seizure duration After the induction of SE using lithium-pilocarpine, rats were monitored for SRS. Distribution of SRS throughout the day for 30 days was analyzed in a subset of animals, which showed enhanced seizures during the light period of the day, with the highest number between 1 and 2 p.m. (Fig. 1B) . SE-induced rats showed progressive increase of seizure episodes and total seizure duration in a chronic phase. Exposure of epileptic rats to EE for 6 h daily for 14 days resulted in significant reduction of seizure episodes (t 16 = 3.44, p = 0.003; Fig. 1C ) and total seizure duration (t 16 = 4.12, p = 0.0008; Fig. 1D ) compared to untreated epileptic rats.
Enriched environment exposure alleviates temporal lobe epilepsy-induced behavioral depression in SPT Epileptic rats exhibited decreased preference to sucrosewater intake in the SPT compared to age-matched controls. Whereas EE exposure resulted in the enhanced sucrose water intake in epileptic rats (F 3,84 = 7.54, p = 0.0002; Fig. 1E ), which is indicative of reduced depression-like behavior.
Exposure to enriched environment reverses temporal lobe epilepsy-induced behavioral alterations in the elevated plus maze Epileptic rats showed decreased percentage of time spent in the closed arms (F 3,64 = 8.93, p < 0.0001; Fig. 2A Exposure to EE reversed these behaviors in the epileptic rats, which were comparable to control. Overall, temporal lobe epilepsy-induced behavioral alterations in the EPM were attenuated by exposure to EE. In addition, EP rats showed enhanced time spent in the center with no alterations in the number of open-arm entries, closed-arm entries, and vertical rearing; however, EP rats exhibited increased defecation, which was restored to normal by EE exposure (Fig. S1 ). Temporal lobe epilepsy-induced spatial learning deficits are not altered on exposure to enriched environment in the cued learning and acquisition phase of the MWM task
In the MWM task, latency to reach the platform was increased in epileptic rats (F 3,1560 = 31.0, p < 0.0001 group effect; F 15,1560 = 1.58, p = 0.07 interaction-effect, and F 5,1302 = 29.60, p < 0.0001 time-effect; Fig. 3A) . These rats showed heightened thigmotaxis (F 3,1040 = 94.38, p < 0.0001 group effect; F 9,1040 = 1.10, p = 0.35 interaction-effect, and F 3,1040 = 17.49, p < 0.0001 time-effect; Fig. 3B ) indicating impaired learning and anxiety. Furthermore, these rats displayed increased mean distance from platform (F 3,1040 = 128.9, p < 0.0001 group-effect; F 9,1040 = 0.99, p = 0.44 interaction-effect, and F 3,1040 = 16.82, p < 0.0001 time-effect; Fig. 3C ) compared to age-matched controls, implying lack of orientation towards the target. In addition, epileptic rats showed decreased swimming velocity in comparison to controls (F 3,1040 = 116.3, p < 0.0001 group-effect F 9,1040 = 1.21, p = 0.28 interaction-effect, and F 3,1040 = 4.03, p = 0.007 time-effect; Fig. 3D ). Exposure to EE did not improve these behaviors in epileptic rats. In addition, epileptic rats also showed learning impairment by displaying decreased time spent in the target quadrant, increased distance traveled, enhanced cumulative distance, and reduced percentage of entry into target quadrant, which were not improved by EE exposure (Fig. S2) . In effect, EE did not improve the spatial learning in epileptic rats.
Exposure to enriched environment has no effect on spatial memory deficits in the temporal lobe epilepsy in probe trial of the MWM task
In the probe trial, epileptic rats showed decreased percentage time spent in the target quadrant (F 3,62 = 4.95, p = 0.003; Fig. 4A ), decreased chance ratio (F 3,62 = 6.40, p = 0.0007; Fig. 4B ), and increased mean distance from the platform (F 3,62 = 8.07, p = 0.0001; Fig. 4C ) compared to age-matched controls. Enrichment did not display any improvement of spatial memory deficit in epileptic rats in the above-mentioned parameters. Swimming velocity (F 3,62 = 1.51, p = 0.22; Fig. 4D ) was unaltered in EE-exposed epileptic and untreated epileptic rats. In addition, epileptic rats and EE-intervened epileptic rats showed increased cumulative distance (Fig. S3A ) and platform error (Figs. S3D and S4) , whereas, thigmotaxis ( Fig. S3B ) and frequency to target quadrant (Fig. S3C) were unaffected. In essence, enriched environment failed to improve the spatial learning impairment of epileptic rats in the acquisition phase of the MWM task and spatial memory deficits in the probe trial of the MWM task.
Enriched environment reverts delta and theta power in the CA1 region of epileptic rats Epileptic rats showed aberrant brain activity in the CA1 region of the dorsal hippocampus in comparison to normal control (Fig. 5) . In the CA1 region of the dorsal hippocampus, chronic epileptic rats displayed enhanced delta and theta power in comparison to controls. EE restored delta power in both the left ( 
Discussion
The present study was aimed at understanding the effect of EE in TLE rat model at the behavioral, electrophysiologic, and cellular levels. We demonstrate that EE reduces seizure episodes in experimental TLE. Furthermore, EE was "antidepressant" by reducing the anhedonia in epileptic animals. EE reversed hyperactivity in the TLE rat model, but failed to ameliorate spatial learning and memory impairment. However, EE intervention restored the abnormal delta and theta power in the hippocampus of the TLE rat model. EE did not restore the chronic epilepsyinduced neuronal loss in the CA3 region of the dorsal hippocampus.
While considering the treatment of epilepsy, it is of utmost importance to curb the seizures. A nonpharmacologic approach like EE has been used in many animal models of neurodegenerative disorders, 23 including at the acute stage of epilepsy, to understand the effect on pathophysiology of the disease. 15 There are no studies on the effect of EE in the chronic phase of TLE, especially after the occurrence of SRS, and there is a great interest in understanding the efficacy of EE in preventing or treating chronic TLE. In the present study, we observed significant reduction in the number of seizure episodes and total duration of seizures in the TLE rat model following EE for 14 days. Corroborating this finding, a previous study has shown neuroprotective effects of EE, including reorganization of inhibitory circuits and upregulation of neurotrophic factors resulting in the reduction of SRS severity. 24 Studies have shown that prior exposure of adult rats to EE increases the seizure threshold to the excitotoxic insult, during the development of the kainate and kindling model of TLE. 25 Manno et al. 24 showed that exposure of Q54 transgenic mice (sodium channel mutation) to EE for 8 weeks from birth resulted in reduction of seizure frequency and seizure-induced neuronal death. In contrast, EE has been shown to facilitate kindling 26 and increase seizure frequency in the absence epilepsy model. 27 In the present study, EE exposure could not restore the neuronal loss in CA3 subfields. However, EE was successful in bringing back the harmony in brain oscillatory activity and thereby reducing the seizures. In the current study, EE exposure for 14 days showed antidepressant activity in chronic epileptic rats by decreasing anhedonia, a cardinal symptom of depression and that is thought to involve abnormalities in the dopaminergic mesolimbic and mesostriatal reward pathways. 28 Therefore, it can be considered that the attenuation of anhedonia by EE involves modulation of the dopaminergic pathway and increased dopamine (DA) release, since there is experimental evidence that shows that EE can enhance levels of DA in stressed rats. 29 In addition, studies show serotonergic system hypofunction in human TLE patients and animal models of TLE with depression, [30] [31] [32] whereas, EE exposure has been found to ameliorate depressive symptoms by the upregulation of the serotonin receptor gene (5-Htr5b). 33 We also assessed the effect of EE on anxiety-like behavior using EPM. Affective disorders like anxiety frequently occur with epilepsy and have a negative impact on the quality of life of those affected. Experimental and clinical Representative photomicrographs (A) of Nissl-stained sections of the hippocampus showing CA3a subfield control, epileptic, and EEexposed epileptic rats. The red boxes indicated in columns 1 and 2 are magnified in columns 2 and 3, respectively. Scale bar: 50 lm. Cell density in CA3a (B), CA3b (C), and CA3c (D) subfields of dorsal hippocampus. Data are expressed as mean AE SEM. Control: Normal control; EP: Epilepsy 8 weeks post-SE; EP + EE: Epilepsy 6 weeks post-SE followed by 6 h/day of enriched environment exposure for 14 days. Data were analyzed by one-way ANOVA followed by Tukey's multiple comparison post hoc test. *p < 0.05, **p < 0.01, ***p < 0.001 versus Control. Epilepsia ILAE evidence has shown direct correlation between anxiety and increased seizure frequency. Using the lithium-pilocarpine model, several studies have reported conflicting results, with one study reporting increased anxiety 34 and others indicating decreased anxiety levels. 35, 36 In the current study, epileptic rats did not show anxiety-like behavior, whereas hyperactivity or disinhibition was observed. Chronic epileptic rats were falling off the EPM when they were entering the open arms. This could be because of an inability to perceive the threatening stimuli or lack of inhibition. Experimental evidence reveals that chronic epilepsy induces extensive damage of ventral and dorsal hippocampus and amygdala, especially in the pilocarpine model of epilepsy. 37 Differences in the extent of the amygdala lesion might be responsible for variations in the perception of threat. 9 These observations suggest that differences in the emotional reactivity might be more related to the underlying brain damage than to the epileptic condition per se. 37 In the current study, EE exposure for 14 days reduced the hyperactivity of epileptic rats in EPM. Improvement of behavioral alterations induced by chronic epilepsy by EE might be a result of reduction in the seizure frequency and duration.
In the current study, epileptic rats showed spatial learning deficit and memory impairment in the MWM task. Our results agree with those of earlier studies that have shown impaired spatial learning and memory in rat models of TLE in MWM 9, 38 and radial arm maze tasks. 39 Even though EE exposure for 14 days attenuated seizure behavior, and alleviated depression-like behavior and hyperactivity in the TLE rat model, it was unsuccessful in ameliorating chronic epilepsy-induced spatial learning deficits. Healthy mice exposed to EE have shown improved spatial learning and memory performance in the MWM. 40 Furthermore, rats with hippocampal damage revealed better performance in an eight-arm radial maze task but not in MWM, suggesting that the effects of EE on distinct aspects of cognitive function may differ between intact rats and rats with hippocampal damage. In addition, rats that underwent seizure induction on postnatal day 20, showed improvement in cognitive performance in MWM upon exposure to EE. 15 SE-induced rats housed in EE exhibited enhanced dentate gyrus neurogenesis and increase in the expression of the protein pCREB, which is linked to learning and memory. 16 This can be correlated with the improvement in hippocampal-dependent spatial memory function. Because it is carried out in the young rats during the epileptogenic phase, this cannot be extrapolated to adult rats in the chronic phase of TLE. The present study is the first to study the effect of EE exposure on spatial learning and memory in a chronic rat model of TLE. Even though in the present study EE decreased the abnormally enhanced delta and theta power (which are involved in higher cognitive functions) to the baseline, it could not restore the spatial learning and memory impairment in epileptic rats, may be a result of the inability of EE to restore chronic epilepsy-induced neuronal loss. Furthermore, it is possible that increasing the EE exposure time would help in improving the spatial learning and memory impairment in the TLE rat model.
In conclusion, results of the present study reveal the beneficial effects of EE in the reduction of seizure behavior. In addition, EE exposure could mitigate the depression and hyperactivity in the chronic TLE rat model. EE thus demonstrates the therapeutic power of the environment to influence the behavioral abnormalities associated with prolonged seizures. Furthermore, EE was successful in restoring the delta and theta power in epileptic rats, which makes EE a potential therapeutic strategy for epileptic patients who are resistant to AEDs and having behavioral comorbidities.
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